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(57)Abstract: 

PROBLEM TO BE SOLVED: To miniaturize a device by 
reducing the size of crystal grains while maintaining 
excellent ferroelectric characteristics. 
SOLUTION: A lower electrode 14, a ferroelectric film 15 
arvd an upper electrode are formed on a substrate 1 1 . The 
ferroelectric film 1 5 is laminated with a plurality of layers 
1 5a, 1 5b and 15c containing polycrystalline lamellar crystal 
structure oxide (Bix(Sr, Ca, Ba)y(Ta, Nb)209±d) and 
divided each other. In this case, at least one layer of the 
layers 1 5a, 1 5b and 1 5c has different (Sr, Ca. Ba) 
component ratio y from other layers. In other words, (Sr, 
Ca, Ba) component ratio y of the ferroelectric film 15 is 
made to change. Thereby, the size of the crystal grains in 
the lamellar crystal structure oxide is reduced while 
excellent ferroelectric characteristics is obtained. 
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(54) »R«<*:^^/'«5^^^:fe^t;^E-©4gS?^j*MOTC-enSffl^ 

(57) mm 

i«m^m mmii (D±\zmmm 1 4 , mmni!^ 
^m^(Dm^w^mmt^m (Bi^ (sr, ca, b 

a) y (Ta, Nb) 2 O9 ±d ) ^-&tpS*<^^ 1 5 

a, 15 b, 1 5 cK^nxmMir:5o ^<D^. "^mi 
5 a, 15 b, 1 5 c<Ot>ib(D(i?'fJ:< t^lMK^^^X 
(Sr, Ca, Ba) <^^J^it y ^flfe*^^ 
t-r^o ^^J:t>'ib. ^iim#:J9^1 5t;l:^3V^T (Sr, C 
a, Ba) om^Jty:aS^>fbt-§J:9t-t*'5o ^IttiC^ 



16 ±^mm 



5c §^3®^ 
15b iS2]§ 
5a mil5j 




•15 



14 T^SQ 

11 
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bT(?5;^ hti>'^!>A (Sr) , :fy/V^^J>. (Ca) *5 
^XJ^y<])^M. (Ba) '^^ibti:^m<D0h<O(i;^tJ:< thl 
m2(D7nmtl.X<D^>^/l^ (Ta) :^XXJ^:=:.:t 

^ (Nb) t^hf^^m<o^'h'>fs:<h%\mh^ mm 

r, Ca, Ba) ^ (T a , Nb) ^ Og ±^ (mU 
1. 70^x^2. 50, 0. eO^y^l. 20, 0 

sd^i. GO) x^y)^ t^^mwrnm^wmc^yi^x 

mw^^^^^^y^x-h^^x^ 

\H(Dj$.x:hy)RMMi)^0, 9;S>^e>l. 1 (^^^Kf^coii:^ 

[f&^:^7] mmmi(D7nm\-±^hny^^j>. (s 
r) xh^:it^wmt-r^m^^imm<ommmi^^ 

im-^ms] t^^-x';:^ (Bi) mi(Dycmti^x 

■ (T^^hnV^T^A (Sr) , (Ca) :^oJ:U^ 

(Ba) t^hfi^^m<Doib<n>^>fi:<h^\m 

M2(D7tmtl.X(0^>^^/U (Ta) :SS XXJl^:=^yt:f 
(Nb) ;6^b^ce^P<7)5*>^^^c^< im^. 



(O) tt>iotj:y>. m^^a^B (Sr, Ca, B 
a) y (Ta, Nb) 2 O9 ±^ (>f0.b. 1. 70^x 
^2. 50, 0. eO^y^l. 20, O^d^l. 0 

0) xh^0^B^B<omvm^mmwtitm^^tfmmm^ 

^^^mx^<^x. 

m^m^^^tm^. :i<Dm^mi^m(Dmmc^\^x 
^^(Dm(ooh<D^j^fj:< ti>im\co\,^xmi<^yc, 

mmmmi^m^. i^^^^:^ (b i) mKoycmt 

\^X(Dy^hny^ry^ (Sr) , fVZ^t; (Ca) *5 
<fct;?^^y^7iH (Ba) t^^fS:^U(Ob^<0(^f^<,h%\ 
"m^h. M2(DjcmtVX(D^>^/\^ (Ta) *5<J:tj^:=.::^* 

(o) t^^^:^j:^^fs^<omvtm^mi^^m^^t^t 

r, Ca, Ba)y (Ta, ^h) ^ ±^ (mU 
1. 70^x^2. 50. 0. eO^y^l. 20, 0 

^d^i. GO) -efe!9. ;&^ot^rlB3SMm^^l^^cj3v^T 

[0001] 

mm^Dm^^^m^m} ^mm}±. (Bi) 
[0002] 

ii^'^m^S:^m^\^y >yM.ri^±P^:^^ V (Ferroelect 
ric Random Access Memories ; F e RAM) ^ H 

tiX^±P bTiOg irPbZrOg t(Dm^i^Xh^ 

:i(D\^:^^y^mmvm&mmm^tm\::<>\^^x. pe 
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[0 0 0 31 t:iS7^K 

fii^^^tmi'^mm^mm. (Pr) •^^^\^xm^^:it'm 

[0 0 0 4] t>>^^^(c:, ^^cotf;^-=r;5^^>^ hn^^^i^ 

^ (Sr) (Ta) hmM (O) tf»tr,ti:^ 

m^^^nwmmim(D^m^Bnm:xn.. nm^mm (2 

P r ) ;65^ 2 0 M C / c -efefs^fit-f-oq^i^^ffia^i^ 
j^O. OS/xm^ ^V^5 ^<^J55#«btbrv>5 (T.Atsuki 
et al. , Jpn. J. Appl. Phys. Vol. 34 (1995) pp. 5096-509 

9) „ ud^u ^^.(oms.o^i^^^iDm^BUi'XJix. mm 

10 0 0 5] 

(T. Atsuki et al. , Jpn. J. Appl. Phys. Vol. 34(1995) pp. 5 
096-5099 ; T.Noguchi et al. , J. Appl. Phys. Vol. 35 (199 

6)pp. 4900-4904?^^ if) o 't^^t>%. m^£^m^<omwtd 

[0 0 0 6] ;2^^P>^t^:ei^/0^^Pm'^t-^^T7^^^tbfct> 
[0 0 0 7] 



hl3^/f=-T>i^, (Ca) *5 j:t)^^^y t>A (B 

kVX<0^>^/U:^^n:=^::ty (Nb) ;Ci^b/^Si^<0 5 

^^t^Bi^ (Sr, Ca, Ba)y (Ta, Nb)2 
O9 ±d (faU 1. 70^x^2. 50, 0. 60^ 
y^l. 20, O^d^l. 00) Xh^. :d>o^iim 

[0 0 0 8] ;*:^P>^(D3^pm*=3r'Y>'^Vi5^<^jK3t;^i^ 

^^;05Bi^ (Sr. Ca, Ba)y (Ta, Nb)2 
O9 ±^ (ffiL. 1. 70^x^2. 50, 0. 60^ 
y^l. 2 0, O^d^l. 00) X^^^^^^nO^M"!^ 

McMmn,W'^^^'^^^^^n'^'^^^(r>x'h<>x. 
^m-^tMc^ :^(o^mnw^i^<DmmzM\.x\x^ m 

[0 0 0 9] imm(D:^^y}'^;V\X. §llpm#:M{C-^ 

<n>wm^w^ ^ tifc^mni^^ ^^^^ ^(dx 
m<D^ib(D{i^t^:< t-himt. %2(D^mt\.x(o^i^ 
^<Dmvt^^Bmmt^m\tm^^if^B i ^ (sr, 

Ca, Ba)y (Ta, Nb)2 09±d (mU, 1. 
70^x^2. 50. 0. eo^y^l. 2 0, 0 ^ d 

^1. 0 0) -CfetJs :^>og|^flm#:|^t^:joV^T^l(^7c 

mmmi:t\cmt^^^^h(oxh^. 
[0 0 10] ^mm(Dmmmi^^^y<iyi$fxyt. — 

(D5fum<Dmj^ttr^mt\.x\^^^(Dx^ mtifz.^mn^^ 
dS/h$</£5« xox^ ^mm^mi^^^m^\:.^tixhm 

[0011] :^mm(o^mm^m^^y<iy^(Dmm::^m 
xfi. m^m^Bmmmim^-^t?mm<Dm^mmL.xm 
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10 0 12] :^mm(D?i^])'^/UX-}±. ^mMi^^^y< 
4ti4tc:[it;:^^y "i/;^^5$>t)^ :::(D\i:^'r]) iy:^^m^ 

[0 0 13] 

[0 0 14] miyi. :^mm<o—mm<Dmmic^^mi 

mi^^^^<->i^^t.. mx.\^->v^iy (s i) 

^mi s^'ft^i.x^ r^mmi 4, ^mm^mi s^^j: 

4, 1 6^g^^Ufct><^"^fe5o 

[0 0 15] TlfBm^l 4j3J:T^_big[Bm^l 6ti. -e^Jx. 
f:f> (P t) , >r y (I r) , 7l^c=:!>A 

(Ru) , uiy^J^ (Rh) fc^V^f^^^^^/T^^ (P 

^\^x^m^^tix\,^^o 

[0016] mmmi^m i 5 m^(om m i ^c*5v^ 

Tt*m®15a, ^2®15b, Bsmi 5 c(DS 

m) iimm^ti±mmttj:<>x\i^^o #®i5a, is 
b, 1 5 cti. ^^mi^^^-r#^fB<oMit^Mf0^itm 

^t^^^tl^tl^A^X\^^^o -^^1:^1^. #^15a, 1 

5b, 15c fi-^tb-^tL 8 5 %&.±itm^m^Bmmm^t 

[0 0 17] 7fe4b\ rcoJi4^|§^Bl#}t^>fb^tii^^^-^:^ 
t|gl<^3c^^^2(507c^<!:^^^>6=*b/^oTV^-5o - 

< thimxh^o ^J::^. mi(DjicmtVX^:^}'n>^ 

[0018] m^m^mmmmi[:m(DU^^}tB (s 

r, Ca, Ba) ^ (T a , Nb) ^ O9 ±d X^:^tl 
So ffib, X, y, dJi. -^tb-em. 7 0^x^2. 



50, 0. eO^y^l. 20, O^d^l. 00 <Z>^© 

m]H<DmXh^o ^^:^>. y{-oV^X^:^:0. 7 0^y^ 

^mwsm^^m^K^^^xmm^^t. [b 12 02 ] ^-^ 

tC^^-rS^^. [ (Sr, Ca, Ba) ^ (T a , N 
[0019] ^WMW^ 1 5 <Z>iS-M 15a, 15b, 1 

<p^fj:< t himKo\f^x\t,m(omtm i <D7tm(om^it 

T}^Bi<^7c^om^M:^5---;^f^ mm:^\^) iz^mt-r 

fi^m^^mmmimK^\^^xmi<Dm^ftib^-:^\^ 

[0020] ^c-e. ®i <^^^<^m^Jtti. 
mi 5<D—:^mi>^hi&:tm\c\^it^^x±^<:h^^^'i/b 

^ < s <t 5 ^c^>fl::UTv^s :i ^ T^m^ uv\ Mx.}^. 

::^«O'fi:}^0, 9/5^^1. i<DmmMm^l^\f\ ^tf:t> 

m^^^mmmim<Dmm^\^^iif^y<Dmx\ /h 

^v^:;br^^o. 7>&^^o. 9<7><6fflF^, :k:tv^:3^r±o. 9 

1 . 1 (?5^£ISF^555^* bv\ ^'^^^^^ II 1 c^Tc^cT^m 

[0021] r <fc 5 ?'^«^^*'rS3il^«#:=^^>'^"V 
^ti^fe<^J:9{cf^>l-r'5o 

[0 0 2 2] ro3t^m(*:=^'Y^>*->t^-ej*. ±^mmi 

6 T^m^^ 14^ (Dmi^w±t>mu^th^ t . ^^^m 

mi 5{c^'Mti:5mik^^mimt^tm<Di^x(Dw^m'T' 

(D±^:^ ^ < , mmni^m 1 5 mcm^ < #fe ufc 
f-i^ s^iRtt^^icmi 5(c:^ov^T|^lc>7c^<7)m^^t^s^{t: 

mm^m^^^i.x^'to 

[0 0 2 3] rcoj: 5 
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[0 0 2 4] r<^J:5?^9fePS#:=^^^^'2/:^^Ji. ^oj: 

10 0 2 51 ^-r. Mx.^^1>'y 1^ 

[0 0 2 6] m^^X. :i<DTUWMi 4<D±\c^ Stiim 

#:J^l 5 t UT. '0*y;t{^CVD (Chemical Vapor Depos 
ition ) T>^^— >3 l^m^^^l^ • >$^>^W^£ 
-^MOD (Metal Organic Decomposition ) 

^l®15a, ^2Jil5b. msmi5c) ^M^feft 
®t"So ^OB^, #Jg<0 5t>O^J^35?< l®^COV^'r 

mx.\i^ m&.m(om (Bisi sa) ^;lov^rBl 

<Dm 1 ^ 1 5 c ) (cov^m 1 <D5cm<Dm^^^m 
[0 0 2 71 ^(DX^\zL.x^mmi^mi 5^^mi^fc 

[00 281 ^<D^o \c^mM<Dmm\^%^mmn.{^^ 

[0 0 2 91 ^'i:*^. :j*i:|liS<?>?^litc#63S^mflc^'Y^^* 
i/i^'f*^ m^\^s :^'^])'^;v<o—Ut\.X^<D^o\^m 

[0 0 3 01 ^2 mmm^^^y<^^^ ^^v^fc>^ ^ y 

0^. :^-f s/^:/:^^^<^h7>^i^;^i5^2 0 t:d^p>^S^^ 



2 2^^Wbrv^6o ;^«:^2 1 <^ KU>f >-^:K2 

[0 0 3 11 Vy^^i^:^^ 2 0<o±Ac\t^ Ji^*6^i^3 

2^^\^xmmn^^^^<i^^ 1 otm^-^tix^^^^ 
'tf^t>%. mmmum^ 2^i^\.xwmm±mi 2, m 

^mi 3, TSpmSi 4, 5doJ:tJ^_b«5m 

;^^^2 1 t^^m^^-Y^^'iXl 0 OfefctcEj&ihg 1 2 ^ 

Mr^ite^s 2icigtte)^;fc='>-i$?i^ h3^^— /V3 2 

32a{c:f^, Mx.f^#^^->y ::i:/*fcfi^:x^;:^7^>' 

(W) {c:j;i9J^^$ttfc>^7^S3 3;dsmi^)iZi^tLVN 

So 

[0 0 3 21 ^cDpt^yir/wmcoJ; ^t^f^^^So 
[0 0 3 31 rcop«'=e!;-fe/>-x?fi. h^>'i^;^i$^ 2 00 
hm*2 4tcmiE;dS;[Bi;tbn6t. h ^ ^ 2 

O0O;^-r tf^r). y— ^^^2 1 <J: Klx 

^:/M«2 2^<z)^l^mgK:ds^gtb'5o 

3 3 Sr^L-CSifimflC^^/'^-^'iJ' 1 0 icm«ids«K 

_blH5m<l 1 6 T^«^ 1 4 <Z)f^l;::SJEd5^Dx btu 

Z.(0}iy^T])i^:^^Mm\^X "1" "0" (^'t''— 

i5'<^IE1i$>sv^^^ig;^ffib^5fT5^^t>t^.So ::^T*f*. m 

mnw^^y<i^^ 1 o^^:^^^feo^^{I:>^s^^m^=^ 
^mmmim(D'i^^^i^^<D^^ $ t>A^ $ < So j: o 

So 

[0 0 3 4] ^(D^o\z.^mm(Dmm\^^.^^mm^^ 

mt. i^*«^k^[^sc:^ds-etSo 

[0 0 3 5] 

-rso '^^^s, r^-cfi, mv^m^mmkimtx^xB i 

)^m^ ^mt'^^xrxof^^^m<o^Mm\^o^^xmm 
■t-So 

[0 0 3 6] ^T. ^mmmth. -^-y =ivj:«9/^ss 
^11 ^mmi\:M^^t^^f\M^ u 
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[0 0 3 71 MV^r. :i<OTnmmi4 
<D±K^ mW-Q 0 nm(DB i ^ S t ^ T a ^ ±^ ^ 

^t^m^sm imimi5a, »2si5b, msmi 
5 c) mmv. ^mmi^mi s^^n^ttmrnvtco ^ 

15a, 15b, 15c (Dm^^-t^/l- • -^/l- 

[0 0 3 8] 't-3^jifc>'t>, ^-f, runMi4(D±\cmi 
rco^sr^jft^^. mm»m%^\c:i6\,^x e 0 0 

^8 0 O^OiaS-ea 0#^;DPl^brRTA (Rapid Th 

ermal Annealing) ^H^fTo ^^^X\ ^(D±\Cf^2 

mi 5h<Dmm^m^mmK\^xm^mmi.fc<oh. ^ 

1 5 c(Z)Mi|Sf^?^^{II^iCUTlHl^lfe:^bfcCO^. ^; 



*5v>T 8 0 o'c-c 1 mmMmt\.x^mm(om^^t^i&m 

^^.^^15 a, 15 b, 15c^?^^L/Co 

[0 0 3 9] :L^xm^^fc^mnm^\^'tfv^ti 

^mMm\^:is\^-^xmi\c^v±2:^\c^n^tim[:^'^ 
m.^i^^mim\^'^^^x<D^o. stm(Dm<oi. ox 

cT^m^itids^ 1 1 ^y-e/j> :^<f^^XvK bfco Ilit^J 

3m\c<:>\/'^X<D^0. Sbilk(om<01. 0<J;i9t>/h$< 

?^pm^^Mi 5ii:*5jt^;^ hn^-^T^Acom^it.as 
m^ii tKMmx4^^ <tj:^xoK vfco mmm 3 x 

1 imx±^<fjt?>x^Ki.fc. ;^43, #^^?ii^t>^ 

itt^2. ot— ^tdbfco 

[0040] 

[^1] 



[^1 3 



Bi : Sr : Ta 



»1« 



2*4 : 1.0 : 2.0 
2.4 : 1,0 : 2.0 
2.4 : 0.8 : 2.0 



2.4 : 0.8 : 2.0 
2.4 : 1.0 : 2.0 
2.4 : 1.0 : 2.0 



2.4 : 0.9 : 2.0 
2.4 : 0.9 : 2.0 
2.4 : 1.0 r 2.0 



[0 04 1] ^ CQ J: 9 l^X^mMPfm 1 5 ^^th^ti 

mm 2 0 0 n m(7? B'^m^f^mvx ±.^mm i e ^^ti 



2Pr (<a C/cm^ 



20.0 



13.0 



18.0 



0.015 



0.026 



0.021 



[0 0 4 2] :i<DXoi^\^xm^btif^^^mMi^^^y< 

^mn^wm. i 5 \z,^\^x^m 1 5 a , 15 
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b , 15c (Dmm:^m\c:^ v ^ >^t^J^<Dm^iti^^mt 

^ (S IMS ; Secondary Ion Mass Spectrometry ) 

I113^C*5V^T?^$0. 12^0, 18Mm<D#3fi^i 
HlMlSaJ^^^U. 0. 0 6'-0. 12uLm<DHj& 
{i^2Sl 5 b(2:fe^U 0 6 II m<DH^^\^m 

5b, xscx,y>^/b^<f^^xi^^. mmm^i^vy 

[0 0 4 3] 'tp.lt. ^^^f\^1t^^mi^^^^<''^^KO 
^ttS^asia^ (B S Ty Tag ±d (Oi^l^n 

y ix^^; ti;, ±Mwm let Tuwm 1 4 i or^ic 5 vo 

# ^ (S EM ; Scanning Electron Mi 

croscope) \Z.^K>WM\^. ^^5^S^C►^®^^:l■oV^T5p 



[0 0 4 41 ^4, |g|5*5J:T^[ii6t*^tb^n. H: 

i)^hm'^^mm. (2Pr) ^^ttm^^/ctr;5. m 
mm 1 ^cov^T^* 20. 0 ^ c/ c . iijt^j 2 {co 

v^T^:i 13. On 0/ c > %Wi^ 3 {^:ov^•Cfi 1 

8. OiiCXcm^ -efcofc (^1#M) o 
[0 04 5] $ (^:^^®^) 

Sl^fe^l^^:ov^T^±o. 0 l S /im^ . ^Mm2\z, 

OV>Tf:iO. 0 2 6Mm^ . I^J&^^ii 3 {COV^tf^iO . 0 
2 1 um^ Xlh^fCo 

[0046] 3^.^*5. ^mmmKMir^itmmt ur. tie 

hriv^t^^ommir^^^)-^!!: (2Pr) tmMi'f^ 

[0 0 4 7] 
[^2] 



[112 1 





Br : Sr : Ta 








/ mBM \ 
\ mimJ 


2Pr (/I C/cm') 




imm 1 


2.4 : 0.8 : 2.0 


22.7 


0.042 




2A : 0.9 : 2.0 


21.8 


0.033 


Jtt^lfiJ S 


2.4 : 0.95 : 2,0 


17.0 


0.026 


4 

. 


2.4 : 1.0 : 2,0 


6.8 


0.016 



[0 0 4 8] ^(OX^Km^iD^mM^^^y^-^^X 



0. s<Dm\^mm^mm. (2Pr) ^^mh±^<t^:^. 
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<0 1 JC3fic<3< {COtb^W^^ffi ( 2 P r ) t^fh-^ < fa 

mmi^mm (2Pr) v>^<>^j:oTu^9^vN5ii^ 
[0 0 4 9] rni-^bx. *ii;te^j<?:>5^Mmf^^^^^° 

mm (2Pr) :as::^#<;^5^^:^>s>$>^^5 

M) o m^. mmmii^xM-^. mmi^mi^ (2Pr) 
[0 0 5 0] mm<D]^m^xnmmm^m^fx:^ 

[0 0 5 1] JblBll^g<???i^B{-:^v^T^^. ^mm, 
^11 \cMvxmm:^mcmmn.i^^^^<i^df loth 

[0 0 5 2] JEt-> -hlBll^t<^?i^^^c*5V^T^i. 
^U^LS I (Large Scale Integrated Circuit) p^-^ 

y {c:oVNTt>I^^J-51^-r5 ^ i>^X^ So 

[0 0 5 3] 



bT#^ C ^ :^^X^ S ^ V ^ 5 ^m^i^-r So 

[0 0 5 4] ^fc. :^mm\c^^mmmi^^^y<iy^(D 
-r^tmc^ ^(om. <>^j:<thimi^'^\f^xmi<r)yt. 

-eir. :^mm(D^mm{^^^^<i^i$r^mm'^^ti!i>x 

[0 0 5 5] Mt^i. :z^^0^{^^S^^y'fe/W;iJ:tufl. 

$<=feSo ^oT. ^^^/h^-fkbr^^^if/cCiftf^^^ 

[|^M<Z)i«*J&|S.PJ] 

[HIS] :4i:^PJ<OSIJg«?||ilcj:i3#btbfc3^p«fls:Mco 

So 

[[115] :^:^PJco^it^J2{e:J:t)#btbfc^^m^^ 

So 

[tile] :^^P^comg^j3{c:J:J:)#bn^c5^M«#:^^ 

So 

[my] :^^P>^CD||J^^J{cMbT^To^cit^^JJ^^i-S 

^^raW^^j® ^ bTVNSo 

[HIS] :^B0^co||Jfe^J{e:^brfTo^citt^^JJc||-rs 

^tm^w:^<Dmmmt(Dmm^mvx\^^?>o 

1 1-^. 1 2—^m^±m. 1 s-gi'g'^, 1 4- 
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